Antibiotic therapy Economics a b s t r a c t Background: Early antibiotic switch and early discharge protocols have not been widely studied in Latin America. Our objective was to describe real-world treatment patterns, resource use, and estimate opportunities for early switch from intravenous to oral antibiotics and early discharge for patients hospitalized with methicillin-resistant Staphylococcus aureus complicated skin and soft-tissue infections. (58.2%), intravenous clindamycin (19.9%), and intravenous daptomycin (6.6%). Thirty-one patients (15.6%) were discharged with methicillin-resistant Staphylococcus aureus -active antibiotics of which 80.6% received oral antibiotics. Sixty-two patients (31.2%) met early switch criteria and potentially could have discontinued intravenous therapy 6.8 (standard deviation, 7.8) days sooner, and 65 patients (32.7%) met early discharge criteria and potentially could have been discharged 5.3 (standard deviation, 7.0) days sooner.
Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) complicated skin and soft tissue infections (cSSTIs), which include all skin and soft tissue infections beyond the superficial and uncomplicated ranging from cellulitis to necrosis, pose an enormous clinical and economic burden within the Brazilian healthcare system. [1] [2] [3] The prevalence of MRSA infection is increasing in Latin America reaching 40-50% in most of Latin American countries. 4, 5 In Brazil, 45-64% of S. aureus cultures have been reported to be methicillin-resistant. 4, 5 MRSA is highly endemic in Brazilian hospitals with 6.1% of adult patients and 2.3% of pediatric patients admitted to a tertiary care hospital screening positive for MRSA. 6 Intravenous (IV) antibiotic therapy is the most frequently used treatment among patients hospitalized with cSSTIs, though outpatient parenteral antibiotic therapies (OPAT) and oral (PO) antibiotic therapies exist. Clindamycin, linezolid, doxycycline, trimethoprim/sulfamethoxazole (TMP/SMX), and rifampicin alone or in combination with another agent, may be used to treat MRSA cSSTIs; though careful selection is necessary in patients with consideration toward local MRSA resistance. 7, 8 Treatment with outpatient and oral antibiotics allow for earlier discharge, reduce direct and indirect medical costs, and have similar cure rates to those of IV antibiotics. 9 Once cSSTIs are stabilized, morbidity and mortality remain low regardless of antibiotic formulation allowing for a switch from in-hospital IV treatment to OPAT or PO therapies.
Though there has been an increase in MRSA surveillance and data collection in Brazil and Latin America, real-world data specific to MRSA treatment in Latin America is still limited. A previously published realworld chart review of MRSA cSSTI carried out in 12 European countries evaluated treatment patterns, clinical outcomes, and economic outcomes of patients switched from IV to PO therapy or discharged on OPAT. 10, 11 Our study sought to apply this approach to evaluate early switch (ES) and early discharge (ED) opportunities in MRSA cSSTI patients in Brazil.
Methods
This retrospective observational medical chart review recruited 72 physicians (34 infectious disease specialists, 38 internal medicine specialists) from 79 hospitals and health clinics in Brazil, who collected data on 199 patients. This study was an extension of a chart review in 12 European countries that has been published elsewhere. 10, 11 Data were collected from medical records of patients treated for a documented MRSA cSSTI, and admitted to the hospital between 01 May 2013 and 30 May 2015, and discharged alive by 30 June 2015. Patients were randomly sampled for data on real-world treatment patterns, clinical outcomes, and resource utilization. Those who could have been switched from IV to PO MRSA therapy and those who could have been discharged earlier (via use of oral antibiotics or OPAT) based on the eligibility criteria in Table 1 were identified, and the potential reductions in IV-line usage for antibiotic administration and hospital length of stay (LOS) were calculated.
Patient selection
Study investigators (hospital-based infectious disease specialists, internal medicine specialists with an infectious disease sub-specialty, or medical microbiologists) identified subjects eligible for inclusion. To be included, patients must have had a microbiologically confirmed MRSA cSSTI (e.g., deep or extensive cellulitis, infected wound or ulcer, major abscess or other soft tissue infection requiring substantial surgical intervention), and received ≥3 days of IV anti-MRSA antibiotics including, but not limited to: clindamycin, daptomycin, fusidic acid, linezolid, rifampicin, teicoplanin, tigecycline, TMP/SMX, or vancomycin, during their hospital stay. Patients were excluded if they had been treated for the same cSSTI Table 1 -IV and Length of Stay Related Endpoints   IV-related endpoints • Actual length of IV usage: time between initiation of MRSA-active IV therapy and last day of MRSA-active IV therapy (for patients switched from IV to PO) or discharge (IV only patients)
• ES eligibility: At minimum, the following key criteria needed to be met prior to actual IV discontinuation: 
Key outcomes
The key study outcomes were patient treatment patterns, clinical outcomes, and opportunities for early switch or early discharge. Treatment patterns analyzed included time to MRSA-active treatment from cSSTI index date and number of MRSA-active treatment received. Patients' first, last, and discharge (if applicable) MRSA-active treatment were recorded. Additionally, length of total antibiotic therapy, (time between initiation of MRSA-active therapy and last day of MRSA-active therapy or discharge); length of IV antibiotic therapy (subset of MRSA-active therapy days for which IV antibiotics were prescribed) were assessed. Length of stay (number of days from hospital admission for patients admitted for cSSTI, or cSSTI diagnosis date to hospital discharge) was also calculated for all patients.
Clinical outcomes included clinical response at end of each MRSA-active therapy, end of full MRSA-active treatment, and at hospital discharge. Development of IV-line infections, super infections, and severe sepsis were documented. Patients were also followed to record cSSTI relapse due to MRSA within 30 days of discharge or unplanned re-hospitalization for cSSTI or other health issues.
Literature review and expert consensus were used to create ES and ED eligibility criteria applicable to real-world clinical settings. [12] [13] [14] [15] [16] [17] [18] For ES eligibility, at a minimum, patients had to meet all of the following key criteria prior to IV antibiotic discontinuation: stable clinical infection, afebrile/temperature <38 • C for 24 h, normalized white blood cell (WBC) count (4 × 10 9 /L < WBC < 12 × 10 9 /L), no unexplained tachycardia, systolic blood pressure ≥100 mmHg able to tolerate PO fluids/diet and take PO medication with no gastrointestinal absorption problems. For ED eligibility, at a minimum, patients had to meet the above key criteria for ES prior to discharge and have no other reason to remain in the hospital except for infection management. To estimate resource use savings, potential reduction in IV days was calculated for ES patients and bed days saved were calculated for ED patients, using hypothetical and actual treatment patterns. Hypothetical length of IV therapy was calculated as the length of time between date of initial MRSA-active IV therapy and date when patient satisfied key ES criteria. Potential reduction in IV days was the difference in days between actual length of MRSA targeted therapy from hypothetical length of MRSA targeted therapy. Hypothetical LOS was calculated as number of days from cSSTI index date to date that patients satisfied all key criteria. Bed days saved was the difference in days between actual and hypothetical length of stay for ED eligible patients. The economic impact of mean cost per bed days saved in ED eligible patients was calculated by multiplying the bed days saved by a Brazil-specific unit cost of $31 international dollars (Intl.) (45 Brazilian real [BRL]) per bed day based on World Health Organization (WHO)-reported unit costs for providing a Brazil hospital bed day in the year 2007; this was reported in international dollars (local currency units) and adjusted for inflation (percent change in consumer price index) to the year 2015. 19, 20 Costs included by the WHO represent the "hotel" component of hospital costs, such as personnel, capital, and food, and do not include drug and diagnostic test costs.
Statistical analysis
Descriptive analyses were conducted for all outcomes; frequencies and percentages for categorical variables, and means, medians, and interquartile ranges for continuous variables. Results were analyzed using SAS software version 9.4.
Results

Patient and hospital characteristics
Data was collected from medical charts of 199 patients in Brazil with MRSA cSSTIs. Almost half of patients were Caucasian (45%), followed by equal proportions of black/African and Latino patients (19%, respectively). Most patients were male (64%), and the average age at hospital admission was 52 years (Table 2 ). More than three-quarters of patients (78%) reported comorbidities, with diabetes (49%), coronary artery disease (28%) and peripheral vascular disease (19%) being most frequently reported. About 80% of patients reported treatment of MRSA cSSTI as the primary reason for hospitalization, with 29% of patients presenting with deep or extensive cellulitis, 28% with a surgical site infection, and 18% with an infected ulcer. Over half (59%) of all cSSTIs were community acquired, and a smaller proportion were hospital acquired (18%) or healthcare-associated (16%) infections. Only 6% of patients had been infected with MRSA a year prior to hospitalization.
All but one of the 79 hospital sites had an antibiotic subcommittee or steering committee. Fewer hospitals had an IV to PO antibiotic switch protocol (20%) or discharge protocol (11%) for patients admitted for cSSTI MRSA. However, one-fourth of hospitals reported having OPAT available.
Actual treatment patterns and healthcare resource utilization
All but three patients (99%) received at least one MRSA-active therapy. Of patients treated with MRSA-active therapy, 161 patients (82%) did not require subsequent antibiotic therapy, 33 patients (17%) required two courses, and two patients (1%) required three courses (Table 3 ). The mean time of administration of MRSA-active therapy was 2.1 days (SD 6.3) following MRSA cSSTI diagnosis. Only four patients (2%) were switched from IV-to-PO MRSA-active therapy while hospitalized. Average LOS from cSSTI diagnosis through discharge was 20.7 (SD 18.6) days. About one-quarter of cSSTIs (26%) warranted surgical procedures, incision and drainage of the infection (54%) and debridement (40%) were performed most frequently. Severe sepsis or septic shock occurred among approximately one-quarter (26%) of those hospitalized, while super infection (5%) and IV-line infection (3%) were rarely found.
The most frequently prescribed antibiotics did not change between initial line and final line treatment, with vancomycin IV (initial 58%, final 53%), clindamycin IV (initial 20%, final 14%), and daptomycin IV (initial 7%, final 9%) used most frequently. However, analysis of final inpatient MRSA-active antibiotic regimens showed that throughout the course of treatment, the proportion of inpatients receiving vancomycin IV or clindamycin IV decreased, while the proportion of patients receiving daptomycin IV or linezolid IV increased. At discharge, 31 patients (16%) were prescribed a MRSA-active antibiotic, and four-fifths of these were oral targeted therapy. Clindamycin PO (42%), linezolid PO (16%), and TMP-SMX PO (10%) were the most commonly prescribed oral antibiotics at discharge while daptomycin IV (10%) and vancomycin IV (7%) were the most common IV antibiotics. Antibiotic susceptibilities in this sample are presented in Table 4 and show susceptibility rates < 40% for the commonly used oral agents TMP-SMX and clindamycin. Mean length of MRSA-active antibiotic treatment regardless of route (i.e., IV, intramuscular, or PO) was 14.7 (SD 10.1) days, while MRSA-active IV antibiotic treatment lasted a mean of 14.6 (SD 10.1) days.
At discharge, over half of patients (55%) showed resolution of signs and symptoms or improvement to such an extent that further therapy was not necessary (Table 5 ). In total, 69 patients (35%) were discharged with an improvement in their signs and symptoms, and 14 (7%) were discharged after failure to cure or improve cSSTI signs and symptoms. Relapse and re-hospitalization for a cSSTI due to MRSA within 30 days post-discharge occurred in only two (1%) patients while rehospitalization for any reason occurred in 11 (6%) patients.
Actual and hypothetical outcomes based on ES/ED eligibility
A total of 62 (31%) patients met all six key ES criteria prior to actual IV discontinuation. Among the ES-eligible patients, the actual mean length of IV therapy was 15.5 (SD 11.1) days but hypothetically could have been 8.7 (SD 8.9) days when removing days after patients met all ES criteria, suggesting a potential reduction in IV therapy duration of 6.8 (SD 7.8) days (Fig. 1) . Approximately one-third (32.7%) of patients met all key ED criteria prior to hospital discharge. The actual mean LOS for patients meeting key ED criteria was 22.2 (SD 23.0) days; the hypothetical LOS for these patients was 16.9 (SD 21.5) days, suggesting a potential reduction in LOS of 5.3 (SD 7.0) days. Assuming an average cost of $31 Intl, (45 real) per bed day, the total savings would be $164 Intl. (239 real) in bed-day cost savings per ED-eligible patient.
Discussion
No other studies have used patient treatment data to evaluate real-world clinical practice and opportunities for ES and ED in hospitalized patients with MRSA cSSTIs in Brazil. We found that, prior to actual discharge, almost one-third of patients with MRSA cSSTIs met criteria for ES and ED. For those found eligible, LOS could have been reduced by 5.3 days and IV therapy days by 6.8 days. These results offer insight into the potential policy and economic implications of identifying ES and ED eligible patients. Our study provides a snapshot of management patterns in Brazil, specifically clinical outcomes and resource utilization details, making this dataset unique.
Our research demonstrates a great opportunity for ES/ED antibiotic policies in Brazil when compared with Europe and USA where early discharge policies already exist in some institutions. Though 31% of patients on IV antibiotic therapies were eligible for ES and 33% ED, only 2% were switched from IV-to-PO therapies, and potential decreases in LOS totalled 5.3 days and 6.8 IV days. The rates of ES and ED eligibility observed in our study are similar to findings in prior research that showed 30-50% of patients in Europe and United States could be switched from IV to PO antibiotic therapy 12, 16, [21] [22] [23] [24] and 20-30% discharged earlier on PO antibiotic therapy. 12, 16, 23 Similar rates of ES and ED eligibility, using an identical methodology, have been reported in a 12-country study in Europe. Rates of eligibility ranged from 12.0% (Slovakia) to 56.3% (Greece) for ES, and 10.0% (Slovakia) to 48.2% (Portugal) for ED, which are inclusive of Brazil's eligibility rates of 31% and 33%, respectively. 10, 25 Our results show the importance of taking MRSA susceptibility into account when deciding upon patient regimens. Vancomycin IV and, daptomycin IV were frequently prescribed as active treatments against MRSA, both of which show susceptibility above 90% in this sample (Table 4) . Clindamycin IV which presented susceptibility rates of 36% only when tested against MRSA samples, was the second most commonly used therapy in the initial and final inpatient active treatment regimens. In addition, clindamycin PO was the most prescribed antibiotic at discharge, representing 42% of discharged patients regimens. In fact, the three PO therapies most frequently prescribed on discharge represented 68% of all regimens suggesting other PO antibiotic therapies should be kept in mind.
Because Brazil does not have a national antimicrobial resistance surveillance system and previous MRSA studies sampled a small number of centers, our study provides additional information to the literature. The high rates of antibiotic resistance seen to TMP-SMX (63%), clindamycin (64%), and doxycycline (80%) in our study may be explained by a unique epidemiologic situation in Brazil. There is a hospitalacquired Brazilian endemic clone (BEC) of MRSA resistant to many antibiotics (<10% of these clones are susceptible to clindamycin, sulfamethoxazole-trimethoprim, ciprofloxacin, gentamicin). 26 A more resistant strain of MRSA in Brazil underscores the need for physicians to be more cautious when acting on opportunities for ES and ED. In our study, linezolid retained high activity against MRSA (Table 4 ) and could be considered an IV or oral option given the resistance to other more frequently used oral antibiotics.
Since this study was a retrospective medical chart review, our results are subject to the well-known limitations of this study design. Because information was limited to medical charts, dates that patients met criteria for ES and ED were estimated based on data available in the patients' medical records if these dates were not recorded. Also, it was not possible to proactively apply ES and ED criteria to determine the actual (rather than potential) cost-savings using a retrospective study design. Ideally, the applicability of the ES and ED criteria used in this study needs to be validated prospectively. Additionally, 99% of the hospitals in this study were in urban settings (vs. rural), where population demographics, prevalence of MRSAcSSTI, access to care, and costs may differ. Also, treatment patterns presented in this study represent the practices of included physicians which may vary by physicians and hospitals due to medication access. Finally, only patients diagnosed with MRSA cSSTI between 2013 and 2015 were included in this study but due to increasing MRSA resistance and decreasing drug susceptibility disease management and treatment patterns may have changed.
Conclusions
This is the first full scale study to analyze early switch and early discharge opportunities in Latin America, specifically in Brazil. Our results suggest that one-third of patients with MRSA cSSTI in Brazil could be switched from IV to oral therapy and discharged from the hospital earlier which could result in potential cost saving for the Brazilian healthcare system. Although specific to cSSTIs, these results suggest that hospitals in Latin America could consider adopting early switch and early discharge protocols to their antibiotic stewardship strategies, increasing provider and patient benefits.
